Objective-To study the 
Occupational asthma has been reported among welders.`Most welders who developed asthma were exposed to stainless steel or galvanised metal welding fumes. Asthma related to gas metal arc welding on mild steel has been reported recently7 although exposure to manual metal arc welding on mild steel failed to induce asthmas.' Very little is known about the mechanism of asthma induced by welding. It has been suggested that sensitisation to either chromium or nickel is responsible for asthma due to exposure to stainless steel welding fumes whereas sensitisation to zinc is responsible for asthma due to exposure to fumes from galvanised welding.2 3Welders have been shown to develop asthma from exposure to contaminants such as welding done on painted surfaces6 rather than to metal fumes.
In this report we present the results of welding challenge tests on six subjects who had respiratory symptoms on exposure to welding fumes and the results of immunological tests in two of the subjects who developed bronchoconstriction on exposure to welding fumes.
Subjects and methods

SUBJECTS
Six welders who attended the University of British Columbia Respiratory Clinic for respiratory symptoms between November 1992 to July 1993 were invited to take part in this study. They were all full time manual arc welders. One welder (subject 6) had worked in pulpmills and was "gassed" on several occasions several years after the onset of respiratory symptoms. The remaining five welders did not give a history of being gassed. Subjects 3, 5, and 6 gave a history compatible with metal fume fever in the past.
This study was approved by our institution's review board for human studies. All subjects gave written informed consent. 
Visit 3
Manual arc welding on stainless or galvanised steel. The metal selected for testing was the one that provoked symptoms in the subject tested.
All challenge tests (non-specific and specific) were carried out when the subject's asthma was under control and the diurnal variation in peak expiratory flow was less than 10%. They were performed at least one week apart and at the same time of day. The patients were told not to take bronchodilators for at least six hours before challenge testing. They were allowed to continue using inhaled steroids in the same way as before. For the two subjects who had a positive bronchial reaction to a welding challenge test to galvanised metal, skin prick test, patch test, and a challenge test with the salt of the suspected metal were also carried out.
ALLERGY SKIN TESTS
Allergy skin prick tests were carried out with a battery of 25 common allergens and normal saline and histamine (1 mg/ml) were used as negative and positive controls respectively. A weal diameter 3 mm or greater than the negative control 15 minutes after testing was considered to be a positive reaction. Solutions of 0.3, 0.6, 1.2, 2.5, and 5 mg/ml zinc chloride in saline were used for the specific challenge test. After baseline spirometry was carried out, the subject inhaled saline nebulised for two minutes with a Bennett twin nebuliser at tidal breathing. Spirometry was repeated at one and 10 minutes after nebulisation. The same procedure was repeated starting with the lowest concentration of metal solutions. The inhalation test was discontinued when the highest concentration was reached or the FEVI had fallen by 20%.
SKIN TEST WITH METAL SALT SOLUTIONS
Skin prick tests with solutions of nickel sulphate, chromium sulphate, and zinc chloride at 0.3, 0.6, 1.2, 2.5, and 5.0 mg/ml were carried out. Twenty healthy controls without a history of exposure were also tested with the metal solutions in a similar manner. Patches were also tested with the standard closed technique for potassium dichromate 0.5%, nickel sulphate 0.5%, and zinc chloride.'2 Table 1 shows the characteristics of the study subjects. Subjects 1, 4, and 5 had normal lung function. All except subject 4 had evidence of non-specific bronchial hyperresponsiveness. Subjects 1, 3, and 4 gave a history of cough, chest tightness, and dyspnoea on exposure to several types of welding fumes. Subjects 5 and 6 had respiratory symptoms only on exposure to fumes from galvanised metal whereas subject 2 had symptoms on exposure to stainless steel welding fumes. None of the subjects complained of symptoms on exposure to fumes from mild steel welding. Table 2 show the results of the welding challenge tests. Three subjects (1, 5, and 6) had positive immediate bronchial reactions. Subject 1 reacted to both mild steel and stainless steel welding, subject 6 to mild steel and galvanised welding, and subject 5 to only galvanised welding. The remaining subjects did not react In this study, three welders had bronchial reactions to welding challenge testing. One reacted to fumes from both mild and stainless steel welding; two reacted to fumes from galvanised metal welding, one of whom also reacted to fumes from mild steel welding. All three welders had respiratory symptoms and evidence of bronchial hyperresponsiveness to indicate that they had asthma. They developed immediate bronchoconstriction on exposure to high concentrations of welding fumes and none of them had a late reaction, suggesting that the reaction is a nonspecific one due to irritation rather than sensitisation. Immunological tests on the two subjects who developed bronchoconstriction to galvanised metal welding were also negative. The results of this study underscore the importance of monitoring levels of exposure in any occupational challenge tests to enable appropriate interpretation of the results.
Results
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Conclusions
We found that three of the six welders in this study with respiratory symptoms developed immediate bronchial reaction when exposed to welding fumes. The mechanism of bronchial reaction in these three welders is likely to be non-specific and due to irritation rather than due to specific sensitisation.
